Summary &horbar; The types and averages of abnormal sperm were studied in the epididymis of adult and aged golden hamsters. Abnormal spermatozoa represent 14.6-19.6% of the total of spermatozoa in adults, 31.7-42. 1 % in middled-aged hamsters, and 39.3-50% in advanced-aged hamsters. Twelve abnormal shapes were found, with the lack of an acrosome, the lack of a head, and the coiling of the tail, being the most frequent in the three age groups. An important increase in the number of coiled spermatozoa was found in the corpus and proximal cauda of the epididymis, but a decrease was observed in the distal cauda. Our data suggest that the epididymis produces secondary defects in spermatozoa running from the proximal caput to the middle zone of the duct, but that many of these spermatozoa are eliminated in the distal cauda. Such a result is mainly found in aged animals, in which a higher percentage of abnormal sperm from secondary origin is found with respect to adults. 
INTRODUCTION
The ejaculate of healthy adult males possesses an amount of abnormal spermatozoa (Mac Leod and Gold, 1951; Zamboni, 1987; Bonet, 1991 ) . This amount varies among different species, and is caused by spermatogenic alterations of the testis (primary defects) or by the extragonadal organs, especially the epididymis, the so-called secondary defects (Barth and Oko, 1989; Bonet et al, 1992; Briz et al, 1996) . Sperm abnormalities have been widely studied in man (David et al, 1975; Zamboni, 1987; Holstein et al, 1988; Dadoune, 1988) and in other mammals of interest, such as cattle (Barth and Oko, 1989; Bonet et al, 1992 ), but there is little information on rodents, despite the fact that are widely used in reproductive research (Working, 1988) . Some studies in the mouse have focused mainly on head defects (Krzanowska, 1981; Krzanoswka et al, 1995) . Morphological sperm aberrations related to passage through the epididymis have been studied in boar by Briz et al (1996) . These authors found that spermatozoa with folded tail, coiled tail and with two fused tails, are associated with their passage through the epididymis. The presence in semen of coiled spermatozoa has also been described in relation to the epididymis in bulls (Barth and Oko, 1989 ).
There are several pathologies, genetic alterations and toxicants, which increase the average of altered spermatozoa, thus affecting fertility. Some examples are cryptorchidism (P16en and Hakarsson, 1978) , dyskinetic cilia syndrome (Zamboni, 1987) , ), or mutagenic agents (Colie, 1993) . Ageing causes a physiological dysfunction, which affects the reproductive organs (Vom Saal et al, 1994 ; Tsitouras and Bulat, 1995) . In this way, failures in spermatogenesis [Paniagua et al ( 1991 ) (Gray, 1978; Tsitouras et al, 1982) , and sexual inactivity (Vermeuien, 1979; Huber et al, 1980; Davidson et al, 1983) have been described.
Aged males also present an increase in the percentage of abnormal ejaculated sperm (Krzanowska, 1981; Gosden et al, 1982;  Bujan et al, 1988 (Calvo et al, 1995) .
Therefore, the objectives of this study are: to describe the epididymal sperm alterations in adult and aged hamsters by light microscopy; to perform a quantification of these altered shapes in each zone of the epididymis, in order to evaluate the contribution of this organ to the development of secondary sperm defects; and to examine the effect of ageing in producing new or more abnormal shapes. We also study sperm viability, to examine necrospermy in relation with sperm alterations. figure 11 . b) Headless spermatozoa: the highest values were found in the proximal caput (zone I) in the three groups (fig 12) . There was a progressive decrease in frequency of this alteration from zone I to zone V. In this study, 6-month-old hamsters showed 4.8 ± 0.4% in zone I, and 1.2 ± 0.4% in zone V; 18-month-old hamsters had 10.5 ± 0.9% in zone I, and 2.5 ± 0.2% in zone V; and 24-month-old animals presented 9.8 ± 0.6% in zone I, and 2.5 ± 0.1 % in zone V. Both groups of 18-and 24-month-old animals showed significantly higher values than those of adults (P < 0.05). Differences between the groups of 18-and 24-monthold hamsters were found in zones II and III (see fig 12) . c) Coiled spermatozoa: this type of sperm defect increased from zone I to zones III and IV in all the groups, but most drastically in aged hamsters (fig 13) . A decrease in their percentages was found in the distal cauda (zone V). Adult hamsters had in zone IV the highest value: 6.4 ± 0.4%. Zone V presented the lowest value: 2.8 ± 0.2%. The caput epididymis showed 3.3 ± 0.2% and 4.8 ± 0.2%, for zones I and II, respectively. Zone III presented 6.1 ± 0.6%. A significant increase in 18-and 24-month-old animals was observed with respect to adults.
MATERIALS AND METHODS
In both these groups, the increase in the corpus and/or proximal cauda was greater than in adults (see fig 13) .
Other abnormalities: this class presented in adults the following averages: 0.9 :t 0.1 %, 0.8±0.1%; 0.7±0.1%; 0.8±0.1%; and 1.7 ± 0.2%, for zones I, II, III, IV (David et al, 1975; Holstein et al, 1988; Dadoune, 1988) , bull (Barth and Oko, 1989) , and boar (Bonet, 1991; Bonet et al, 1992; Briz et al, 1996) . Although the abnormal shapes we have found exclusively in aged hamsters have been described in adults in other species, they normally represent a very small percentage of sperm: in humans, double-headed sperm account for 0.8%, and double-tailed sperm 0.5% of the total number of spermatozoa (Schwartz et al, 1984) .
The presence of sperm with macrocephalic, microcephalic and duplicate heads has been commonly found in adult men (Dadoune, 1988; Bujan et al, 1988) and in other mammals (Curry et al, 1989; Bonet, 1991 (Calvo et al, 1995) .
Those spermatozoa which have lost their acrosome in the epididymis probably die in their passage through the excurrent duct, or in the female tract. This is one of the most common alterations found in the ejaculates of many species (Barth and Oko, 1989; Ali and Grimes, 1989; Bonet, 1991) . The precise origin of this defect is still unclear, but it has been observed in some cases as a result of acrosomal agenesia in the testis (Baccetti et al, 1977) . Unfavourable conditions in the osmolarity of the sperm fluid may also cause a false acrosome reaction (Cooper, 1986) . In this way, a dysfunction in the turnover of the epididymis could lead to an increase in this abnormality. In our study, the average of reacted sperm tended to increase from the caput towards the intermediate zone of the duct (zones III and IV, see fig 11) . In the distal cauda (zone V) the average decreased to values similar to that found in the proximal caput.
Observations with transmission electron microscopy have revealed that decapitation is the result of an abnormal connection between the sperm head and tail in spermiogenesis (Perotti et al, 1981 (Cooper, 1986) . Thus, manipulation during sperm recovery could cause fractures in the neck of immature sperm.
Few abnormalities apparently occur after spermiation (Dadoune, 1988) . Coiling of sperm tail, bendings and persistence of the cytoplasmic droplets have been the alterations most consistently linked to the epididymis secondary defects (KoefoedJohnsen and Pedersen, 1971; Ali and Grimes, 1989; Barth and Oko, 1989; Bonet et al, 1992) . Briz et al (1996) (Zamboni, 1987; Barth and Oko, 1989 (Overstreet, 1984 
